INTRODUCTION
Leptospirosis, probably the most common zoonosis worldwide, 1 has gained increasing attention as an emerging infectious disease of global importance in recent years. 2, 3 Its clinical manifestation is divers, 2, 4 ranging from asymptomatic infections to severe and potentially fatal disease complicated by septic shock and organ failure. This broad clinical spectrum is presumably one of the main reasons why management of this spirochaetosis remains a challenge for clinicians. Because of the wide variety of mostly unspecific clinical and laboratory findings, a multitude of differential diagnoses comes into account. Among these are dengue fever, acute human immunodeficiency virus (HIV), and hantavirus infections, rickettsial diseases, brucellosis, malaria, and other infections of significant public health importance such as yellow fever and various viral hemorrhagic fevers. 2, 3, 5 In most cases, leptospirosis is a subclinical or undifferentiated self-limited febrile illness. 6, 7 In about 5-10% of cases, however, the disease takes a severe course with the potential of multi-organ dysfunction syndrome (MODS) with a high risk of fatal outcome. Jaundice has traditionally been considered as an indicator of complicated forms, the most severe being Weil's disease with the triad of jaundice, acute renal failure (ARF), and hemorrhages and a mortality rate of 5% to 15%. 2, 8 In recent years, however, an increasing number of severe anicteric forms has been observed in various countries like China, Korea, Nicaragua, Peru, and India. [9] [10] [11] [12] [13] [14] In these cases, serious pulmonary manifestations with severe pulmonary hemorrhage syndrome (SPHS) and acute respiratory distress syndrome (ARDS) predominated. The mortality rate of up to 50% of these manifestations appeared to be much higher than in Weil's disease. Hence, jaundice alone can no longer be considered an accurate marker of disease severity. 15 There is, however, currently no consistent definition of what characterizes "severe forms" of leptospirosis, although several factors associated with an increased risk of fatal outcome (therefore being prognostically relevant) have been identified over the past decade ( Table 1 ) . 8, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] In Austria and Germany, leptospirosis is a rare disease overall. Usually less than 60 cases are notified in Germany annually with the actual incidence being 0.06/100,000 per year. 27 Similar to other European countries, 28 international travel has led to a growing number of imported cases in addition to a low but persisting rate of autochthonous illnesses. 27 Traveling abroad has recently been identified as the single most important exposure risk and has contributed to an increase in the annual incidence. 27 Overall mortality rate was 5% lately with causes of death including multi-organ failure (incl. Weil's disease), ARDS, intracerebral hemorrhage, and cardiopulmonary failure. A first fatal case of SPHS in Germany was also reported recently. 27 In the following we describe clinical manifestations in 24 imported versus 35 autochthonous cases of leptospirosis treated in Austria and Germany between 1998 and 2008. The objective of this study is to assess whether imported and autochthonous cases differ with respect to clinical manifestations and outcome. We classified cases according to previously established independent risk factors for fatal outcome to assess risk factors other than jaundice in anicteric cases.
METHODS

Patients.
A total of 59 patients with confirmed leptospirosis treated in 5 German and 1 Austrian infectious disease units of tertiary-care university hospitals from May 1998 to December 2008 were included in this study: Berlin (B) 26 patients, Freiburg (F) 13, Hamburg (HH) 7, Hannover (H) 6, Munich (M) 3, Graz (G) 4. Patients with evidence of concurrent Abstract. Leptospirosis, a zoonosis occurring worldwide, has a broad spectrum of clinical manifestations. Recently, various countries observed an increase of severe anicteric cases. In Austria and Germany, growing numbers of imported cases are notified in addition to autochthonous infections. The aim of this study was to assess whether imported and autochthonous cases differ in clinical manifestations and outcome. We retrospectively analyzed 24 imported and 35 autochthonous cases treated in six infectious disease units between 1998 and 2008. To compare disease severity, patients were classified according to established independent risk factors for fatal outcome. Although severe leptospirosis (i.e., presence of ≥ 1 independent risk factors for death) occurred in similar proportions of imported (67%) and autochthonous (86%) infections ( P = 0.1), imported cases were significantly fewer icteric (13% versus 69%; P < 0.0001). In conclusion, an increasing incidence of severe anicteric imported cases of leptospirosis should be anticipated with rising global travel activities. infections on admission (e.g., malaria, HIV, rickettsial diseases) were excluded. Definitions. Leptospirosis was defined according to the national German disease surveillance institution Robert Koch Institute (RKI), Berlin, 29 and following international guidelines: at least one clinical symptom (fever; flu-like symptoms; renal dysfunction; jaundice; respiratory symptoms with cough, dyspnea, or respiratory insufficiency; meningitis or meningoencephalitis; hemorrhages such as lung bleeding or subconjunctival suffusions; or myocarditis) in conjunction with laboratory confirmation by positive culture, polymerase chain reaction (PCR) or seroconversion (≥ 4-fold rise in antibodytiter in consecutive samples) or significant elevation of a single test showed by enzyme-linked immunosorbent assay (ELISA), complement fixation testing (CFT), or microscopic agglutination testing (MAT) according to laboratory standards of the participating institutions. The exposure risk (occupational, recreational, household, accidental risk) was determined when data was available. Weil's disease was defined as the triad of jaundice, ARF, and hemorrhages, 2 SPHS as evidence of significant pulmonary hemorrhage on the basis of a hemorrhagic pneumonitis. Based on a literature review, 14 previously established independent risk factors for death in patients with leptospirosis were used and a score of one was given for each risk factor present, as summarized in Table 1 . Cases were categorized according to severity: 1) mild/ asymptomatic in patients with subclinical illness, 2) moderate/ self-limited in patients with febrile systemic illness in the absence of complications, or 3) severe/life-threatening in patients with one or more independent risk factors for death. Symptoms and conditions listed in Table 1 and Figure 2 were defined as follows: oliguria was defined as urine output < 500 mL/24 hours, renal impairment as creatinine levels ≥ 1.5 mg/dL for females and ≥ 1.8 mg/dL for males according to the RIFLE-Classification system. 30 Sepsis caused by Leptospira was defined according to the International Sepsis Definitions Conference. 31 International guidelines were also used for ARDS. 32 Rhabdomyolysis was defined as myalgias together with creatine kinase and/or myoglobin levels > 5 times the upper normal limit (Ck > 855 μg/L; Myoglobin > 350 μg/L). Hepatitis was defined as transaminases > 5 times the upper normal limit, i.e., alanine aminotransferase ≥ 170 U/L for females and ≥ 225 U/L for males and aspartate aminotransferase ≥ 175 U/L for females and ≥ 250 U/L for males. The analysis' primary end point was the number of patients with severe/ life-threatening and fatal leptospirosis among imported versus autochthonous cases, secondary endpoint the distribution of risk factors within these two subgroups.
Statistics. For boxplots, GraphPad PRISM (version 4.0, GraphPad Software, Inc., La Jolla, CA) and for statistical analysis, SPSS (version 16.0, SPSS Inc., Chicago, IL) were used. Fisher's exact test was applied for comparison of categorical variables and the Mann-Whitney U test for comparison of quantitative variables between the two subgroups. Two-tailed P values < 0.05 were considered statistically significant.
RESULTS
Demographics. In total, 59 adult patients, 8 women (14%) and 51 men (86%) between 18 and 71 years of age (median age 42 years) were included in this study ( Figure 1 , Table 2 ). Twenty-four patients (41%) contracted the disease outside (imported infections), 35 (59%) inside (autochthonous infections) their home country Austria or Germany, respectively ( Figure 1 ) . Distribution of age and sex, both being important determinants for disease severity, did not differ significantly between both subgroups, although there was a trend toward older age among patients with autochthonous infections ( P = 0.0519). In both subgroups time from onset of symptoms to presentation was identical (median 5 days, range 1-22 days), and there was no statistically significant difference in time required for establishment of the diagnosis ( Table 2 ). Highest incidence rates were recorded between August and November ( Figure 1 ) . The single most common exposure risk was recreation with exposure to fresh water (e.g., swimming, rafting, canoeing) being the most prevalent source of infection ( Figure 1 ) . Patients with imported leptospirosis most frequently traveled to The Caribbean (10; 42%), followed by Asia (9; 38%), Eastern Europe (3; 13%), Central America (1; 4%), and South America (1; 4%).
Symptoms and syndromes. Figure 2 depicts typical leptospirosis-related symptoms and syndromes among patients with imported and autochthonous infections. In Figure 2 patients are ordered according to an increasing number of independent risk factors for death, symptoms, and syndromes according to their respective frequency. Fever (96%), myalgias (79%), typically located in the lumbar region and the calves, and prostration (75%) were the three most frequent symptoms among the 24 patients with imported infections, whereas sepsis (80%), ARF (77%), and jaundice (69%) were the most common clinical signs and syndromes in patients with autochthonous leptospirosis. Remarkably, only three of the 24 patients with imported leptospirosis (13%) became jaundiced, and all imported cases with severe/life-threatening disease remained anicteric, with the exception of a single patient with Weil's disease. Other gastrointestinal manifestations (nausea, vomiting, diarrhea, abdominal discomfort) were also more common in autochthonous compared with imported cases: in four cases each (11%) acute pancreatitis and cholecystitis with concomittant ascites occurred. Progression to Weil's disease occurred in nine icteric patients (26%) with autochthonous infections. Impaired renal function was the most frequent single organ failure in both subgroups. Among imported infections, 12 patients (50%) had evidence of renal function impairment. Two patients (8%) developed oliguria, 1 (4%) anuria, 2 (8%) required dialysis. In autochthonous cases, renal function impairment was evident in 27 patients (77%), leading to oliguria in 5 (14%), and anuria in 4 patients (11%). Eighteen (75%) patients with imported infections versus 28 (80%) of autochthonous cases met the criteria of sepsis, 4 (17%) of imported versus 19 (54%) of autochthonous cases met the criteria of MODS either on admission or in the course of the illness. In two autochthonous cases (6%), Weil's disease was complicated by disseminated intravascular coagulation (DIC ). An SPHS occurred in one case each of imported and autochthonous infection. Although some cases were hypotensive on admission, none of our patients required vasopressors to maintain a sufficient blood pressure. Cardiovascular complications were rare and only occurred within autochthonous cases: In two autochthonous patients (6%), myocarditis was diagnosed. One patient (3%) had ventricular tachycardia, whereas significant repolarization abnormalities were not documented in any case. Generally, the clinical spectrum appeared to be more divers in autochthonous versus imported disease ( Figure 2 ) .
Risk factors. Forty-six (78%) of all patients were classified as cases with severe/life-threatening disease (i.e., presence of one or more independent risk factors for death): 16 (67%) of imported and 30 (86%) of autochthonous cases (no statistically significant difference; Table 2 ). With respect to laboratory parameters, patients with autochthonous infections had statistically significant higher creatinine and blood urea nitrogen (BUN) levels and lower platelet counts on admission and in the course of the illness ( Figure 3 ). Both subgroups did not differ in a statistically significant way in the independent risk factors serum potassium and white blood cell (WBC) count on admission. In comparison to imported cases, patients with autochthonous infections had higher total numbers of independent risk factors for death (3 versus 2, P = 0.008; Table 2 ; Figure 4 ) . Strikingly, jaundice was significantly more frequent among those who acquired the infection within Austria and Germany (24 of 35; 69%) than in those infected abroad (3 of 24; 13%; P < 0.0001). The possibility that bilirubin levels and jaundice might have been influenced by age was excluded be regression analysis ( R 2 = 0.001, P = 0.84). In multivariate analysis including age, proportions of icteric versus anicteric cases still differed significantly between autochthonous and imported cases (data not shown). Outcome. Despite the fact that there were no significant differences between the subgroups with respect to overall disease severity according to pre-defined definitions, autochthonous cases tended to require longer hospitalization periods, longer intensive care treatment, and more frequent dialysis and mechanical ventilation ( Table 2 ). There were no fatalities among patients with imported infections, whereas two patients with autochthonous infections (6%) died ( Table 2 ) : one because of cerebral mass bleeding, another due to septic shock with multi-organ failure.
DISCUSSION
The aim of this study was to assess differences in clinical manifestations between imported and autochthonous cases of leptospirosis analyzing cases in Austria and Germany. The most important finding is that the cardinal clinical symptom of jaundice was significantly more frequent among autochthonous cases compared with imported infections.
Because of its unspecific and divers clinical presentation, leptospirosis is an under-recognized disease. Jaundice together with signs of a bacterial infection and only minor elevations in transaminase levels is not only considered as a cardinal symptom but also as an indicator of severe leptospirosis. Absence of jaundice therefore bears the potential of missing or delaying diagnosis and, hence, inadequate treatment. Two epidemics of leptospirosis showed the importance of jaundice as a clinical marker: In 1996, the high rate of jaundiced patients facilitated differentiation from those suffering from the parallel outbreak of dengue fever in Salvador, Brazil. 17 In contrast, a high number of severely ill patients suffering from pulmonary hemorrhage without jaundice were described in an epidemic of leptospirosis in 1995 in Nicaragua. 11, 12 This clinical manifestation of leptospirosis has to be differentiated from other infections such as viral hemorrhagic fevers being a major concern for public health.
In the patients included in this study, demographics, seasonal trends, and exposure risks were consistent with the findings presented by Jansen and others 27 for Germany. The majority of patients with autochthonous infections had severe forms with renal impairment, rhabdomyolysis, thrombocytopenia, Weil's disease, and serious pulmonary damage such as hemorrhagic pneumonitis, SPHS, and ARDS. Thirty patients had one or more risk factors for a fatal outcome of the disease, with two of them dying of Weil's disease. The majority of patients in this subgroup were icteric. Patients with imported infections tended to present with less severe symptoms and mostly without jaundice. Still, there were life-threatening courses in this subgroup as well, with ARF, mental impairment, and SPHS. Examples are patient Pt-B1 with anuric ARF, rhabdomyolysis, thrombocytopenia, subileus, and pulmonary involvement after taking part in a marathon in the Philippine jungle, or patient Pt-B11 with severe respiratory insufficiency caused by SPHS and altered mental status. Similarly, some severely ill patients with autochthonous infections such as Pt-F12 and Pt-HH4 remained anicteric, whereas some patients with imported infections and only mild symptoms were jaundiced (e.g., Pt-B6). Jaundice could thus not clearly be assigned to severity of illness in either group. Notably, jaundice could not yet be identified as a marker of prognostic relevance, although this was repeatedly investigated. 17, 25 The exact reasons not only for the wide range of different courses of leptospirosis but also for the occurrence of jaundice are still unclear. The pathomechanisms of Leptospira interrogans are complex and not yet completely understood. 3 The variability of the clinical course and severity of illness are most likely the result of a complex interplay between both bacterial and host factors. Only recently the genomes of various Leptospira species including L. interrogans serovar Lai have been sequenced completely, providing a genomic basis for more detailed analysis. 33 Among the virulence factors identified so far are surface proteins, lipopolysaccharides, motility, chemotaxis, and secretory proteins such as sphingomyelinases, phospholipase C, and hemolysins including a pore-forming protein. 34 The in vivo significance of any of these factors, however, has to be determined. 3 An association of infecting serovar and disease severity has long been assumed, but could not be proven yet. 8, 18, 35 In addition, host factors such as higher age 17, 23 and male sex 36 predispose for more severe disease. In vitro , two more factors have been identified: serum levels of mannose-binding lectin, 37 and toll-like receptor 4 (TLR4) linked activation of macrophages by whole heat-killed Leptospira as part of the innate immune system. 38 The latter suggests that TLR4-receptors polymorphisms could add to the severity of leptospirosis.
There are two suspected main reasons for the occurrence of jaundice in leptospirosis: damage to liver architecture and, to a lesser extent, hemolysis, both potentially leading to a massive increase in serum bilirubin levels. Because of their mobility, Leptospira are able to invade liver sinuses and spaces of Dissé destroying the architecture of the canaliculi biliferi. Consequently, bilirubin passes into the blood. 15 The bacteria can also invade hepatocytes, but a direct massive liver destruction usually does not occur, explaining the combination of massively increased bilirubin levels (in our study up to 70 mg/dL) with only moderately elevated liver enzymes ( Figure 3 ) . Leptospira can induce hepatocyte apoptosis, 39 which could lead to a limitation in the local inflammatory response and, as a consequence, an increase of bacterial load in the liver. This local increase of bacterial load is assumed to add to systemic morbidity, which could explain the traditional concept of jaundice being a marker for the severity of the disease. 15, 39 Several studies have identified risk factors indicative of a severe course of leptospirosis, suggesting immediate transfer to intensive care of patients with those risk factors. 18, 20, 21, 26 We assessed disease severity by quantification of independent risk factors for death. A recent work by Ko and others 17 suggests that certain combinations of risk factors may be more predictive of fatal outcome than others. Ko and others showed that oliguria was the strongest single predictor and that the presence of the three strongest predictors (oliguria, altered mental status, and age > 36 years) had an 82% positive predictive value for death. Because of the low death rate in our patients we could not account for this combinative effect. Further studies will be needed to determine the role of those combinations. A large proportion of our patients, however, presented with sepsis, in some complicated by multi-organ dysfunction, requiring immediate therapeutic interventions.
Treatment of leptospirosis mainly consists of aggressive symptomatic measures such as intensive care, fluid resuscitation, and correction of electrolyte disturbances, dialysis, and mechanical ventilation as needed. There is currently no evidence that specific antibiotic treatment improves outcome. 40 In addition, there is general agreement that therapy is best initiated within 4 or less days after onset of symptoms to minimize immunologically mediated organ damage. The majority of patients in this study had a severe course of leptospirosis, but mortality rate was as low as 3%. We think that even without considering leptospirosis, these patients may have undergone optimal treatment as 1) risk factors identified for a possibly severe course of the disease are similar or even identical with the criteria of severe sepsis and MODS and 2) treatment of severe leptospirosis does not differ greatly from the general treatment strategy of sepsis. Both require intensive medical care, and commonly used regimes to treat community-acquired sepsis with unknown pathogens (including aminopenicillines with betalactamase-inhibitors or third generation cephalosporins) will cover the bacteria as well.
Data presented here are the result of a retrospective study with attendant limitations. The approach of a multi-centered analysis in two countries should in part limit biased case selection. As the participating hospitals are tertiary care centers, there might be a bias toward more severe cases. The study sample includes about 10% of all cases notified in Austria and Germany between 1998 and 2008. However, all limitations related to retrospective analyses apply.
In conclusion, leptospirosis in Austria and Germany is an emerging infectious disease, both imported and autochthonous in origin, variable in its presentation with a significant and presumably increasing proportion of severe anicteric cases.
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